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Abstract
The search for microbes, primarily yeasts with unique characters such as the tolerance against fermentation-relatedstresses, is gaining significant interest nowadays. Traditionally made alcoholic beverages can be used as sources for such
yeasts, given that during fermentation and storage, microbes may develop stress tolerance responses leading to naturally
stress-tolerant yeast strains. In this study, we used an alcoholic beverage, that is, Brem Bali, as the source of potential yeast
isolates. We isolated nine yeast isolates from two traditional Brem Bali products. All isolates showed tolerance against
high glucose stress (40–50%) and sensitivity against high-temperature stress (37–50 °C). Notably, isolate BT5 showed
tolerance phenotype against ethanol stress (up to 12.5%). Notably, the ethanol stress tolerance phenotype shown by isolate
BT5 was unlikely correlated to the ability of the isolates in combating other stresses. Based on the internal transcribed
spacer sequence, isolates BT2, BT5, and BT6 shared high similarity with Wickerhamomyces anomalus (98%). Further
approaches may be needed to clarify the identity of these isolates. Based on our study, isolate BT5 bears potential as a fermentation agent based on its ability to combat high glucose and ethanol stresses.
Keywords: alcohol beverages, fermentation, non-conventional yeast, stress response, Wickerhamomyces anomalus

Balinese rice wine or Brem Bali. Brem Bali is an alcoholic
beverage made from the fermentation of black and white
glutinous rice by a dry-yeast starter. Saccharomyces fibuligera and Pichia anomala are the main amylolytic and
ethanologenic yeasts found in the starter, respectively [5,
6]. Saccharomyces cerevisiae (35 strains), Candida
glabrata (six strains), Pichia anomala (three strains),
and Issatchenkia orientalis (seven strains) are the main
yeasts in rice wine fermentation [7]. However, no data
are available regarding the ability of Brem Baliderived yeasts in coping with fermentation stresses.

Introduction
Yeasts have been widely applied in various fermentation reactions for various industrial purposes. Saccharomyces cerevisiae is popularly known as an industrial
yeast for ethanol production relevant for biofuel, alcoholic beverage, and baking industries [1, 2]. However,
several limitations have been found regarding the use
of S. cerevisiae in fermentation, including its inability to
use five-carbon sources, sensitivity to high-temperature,
and inhibition by lignocellulosic hydrolysate [3]. Thus,
the search for new potential industrial yeast isolates is
gaining serious attention. Such isolates are needed to
support the advancement and development of fermentation technology, which is also rapidly evolving.

Brem Bali may be a potential source of yeast isolates
that are tolerant to fermentation-related stresses. For
this beverage, fermentation may occur in a closed fermentation chamber for six months, thus likely creating
a specific environment that develops yeast community
succession, including the corresponding stress-tolerant
phenotypes. Therefore, this study aimed to isolate yeasts
from Brem Bali that can deal with fermentation-related
stresses, including high-temperature, osmolarity, and
ethanol stresses.

During fermentation, yeasts are exposed to various
fermentation-related stresses, including temperature,
osmolarity, pH, solvent, etc [4]. These stresses may
cause cellular damage to yeast cells and may compromise yeast viability, leading to a reduction in the fermentation rate. Thus, the ability of yeast isolates in
combating fermentation-related stresses may serve as
an important character of potential industrial yeasts.

Material and Methods

In this study, we isolated yeast isolates from a traditional
Indonesian fermented beverage popularly known as

Isolates and Medium. Yeasts were routinely maintained in a Yeast Peptone Dextrose Agar (YPDA) with
43
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the following composition: 2% glucose, 2% peptone, 1
% yeast extract, and 2% agar. All media for stress tolerance assay were prepared fresh prior their use.
Isolation of Yeasts. The Brem Bali products used in
this study were produced by home industries in Bali,
Indonesia. Yeast isolation was conducted using the
YPDA medium as described previously [8]. Two Brem
Bali products (DS and BT) were collected and used as
samples. About 1 ml Brem Bali was serially diluted in
saline solutions (0.85% (w/v) NaCl). The suspensions
were then plated in YPDA by using the spread plate
method. The plates were incubated at 30 °C for 2–3
days. Each yeast colony was purified in the same medium. The morphological characters of yeast isolates were
observed by microscopy analysis [9].
Stress Tolerance Assay. Each yeast isolate was assayed
for the ability to deal with osmotic stress induced by
glucose and ethanol treatments by using the spot susceptibility assay [10]. One loop of yeast isolates was grown
in the YPD broth medium for 24 h to prepare the subculture. The sub-culture was then inoculated in a new
YPD broth medium at a starting optical density (OD)
600 = 0.1 and then incubated for the next 24 h at 30 °C.
The particular culture was then adjusted to OD600 = 1
and serially diluted by using the YPD sterile broth to
10−4 dilution. Each suspension (2 µL) was then spotted
on top of the YPDA medium containing 30%, 40%, and
50% (w/v) glucose. For ethanol-induced osmotic stress
treatment, yeast isolates were prepared the same as
above, but the suspension was spotted on top of the
YPDA medium containing 5%, 10%, and 12.5% (v/v)
ethanol. The media were then incubated at 30 µC for 2–
7 days. S. cerevisiae BY4741 was used as the control
isolate. The yeast grown in the YPDA medium without
any stress treatment was used as the control treatment.
Molecular Analysis for Yeast Identification. The selected yeast isolates were identified based on an internal
transcribed spacer (ITS) sequence. Yeast genomic DNA
was isolated by using YeaStar Genomic DNA kit following the manufacturer’s protocol. The quality and
quantity of the genomic DNA were monitored by using
Thermo Scientific Nanodrop 1000 based on the
λ260/280 ratio.
Genomic DNA was used for polymerase chain reaction
(PCR) amplification using the specific primers of the
ITS sequence, namely, ITS1 (5′-TCC GTA GGT GAA
CCT TGC GG-3′) and ITS4 (5′-TCC TCC GCCTTA
TTG ATA TGC-3′), resulting in a ~600 bp product [11].
The PCR mixture (50 µL) was prepared as follows: The
25 µL GoTaq® Green Master Mix, primer ITS1 (10
pmol), primer ITS 4 (10 pmol), and DNA template
(~100 ng/µL) were mixed, and nuclease free water used
to adjust the volume of the reaction. The PCR reaction
was set as follows: pre-denaturation at 94 °C for 4 min,
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1 cycle; denaturation at 94 °C for 30 s; annealing at 49
°C for 30 s; elongation at 68 °C for 1 min; post elongation at 68 °C for 20 s (1 cycle). Denaturation, annealing,
and elongation were set for 30 cycles.
The PCR products were visualized by using 1% agarose
gel electrophoresis (100 V for 25 min). A total of 1 Kb
DNA ladder was used as the marker. Ethidium bromide
was used to stain the DNA on the agarose gel. The
stained DNA was observed using UV transillumination.
PCR sequencing was conducted using the 1st BASE
DNA sequencing analysis service. The DNA sequence
was then analyzed for the identity and homology by
using BLASTN analysis.

Results and Discussion
Isolation and Morphological Characters of Yeasts.
We have isolated 9 yeast isolates from two products of
traditional Brem Bali. Five isolates were isolated from
the first product and labeled as BT1, BT2, BT3, BT4,
and BT5. The other four isolates originated from the
second Brem Bali product and labeled as DS1, DS2, and
DS3. Each isolate was then analyzed for its
morphological characters, including the colony, and
microscopic appearance. Several yeast colonies showed
markedly distinct characters. Three isolates, namely,
BT2, BT5, and BT6, showed irregular colony forms,
whereas the others were mostly circular (Figure 1).
For additional insights into the yeast morphological
characters, we further observed the cellular microscopy
analysis of each yeast isolate. We observed that all isolates found in the first product of Brem Bali were budding yeasts, whereas those that originated from the second products were possibly fission yeasts (Figure 2). In
addition, we identified several monopolar/multilateral
types of bud in each budding yeast isolate (Figure 2).
Stress-tolerant Yeast Phenotypes. By using the spot
assay, we can determine the ability of yeast isolates to
deal with stress conditions. All isolates grew at high
osmotic stress conditions caused by high glucose supplementation (40%) on the YPDA medium (Figure 3).
This finding was revealed by the fully grown colony of
each designated spot at each dilution series. However,
most of the BT isolates exhibited higher tolerance
against high osmotic pressure (50% glucose) compared
with the DS isolates and S. cerevisiae BY4741 (Figure
3). However, although each isolate can substantially
deal with glucose-induced osmotic stress, only BT5 was
tolerant against (12.5%) ethanol-induced stress conditions (Figure 4). The industrial yeast, S. cerevisiae
BY4741, was poorly grown under particular stress conditions. Meanwhile, all isolates were tolerant against 5%
ethanol stress conditions. All yeasts cannot grow under
15% ethanol conditions (data not shown).
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Figure 1. Colony Appearance of Yeast Isolates Grown on Yeast Peptone Dextrose Agar Medium for 3 Days at Room Temperature. A) BT1, (B) BT2, (C) BT3, (D) BT4, (E) BT5, (F) BT6, (G) DS1, (H) DS2, and (I) DS3. Yeast Isolates
were observed under Stereo Microscopic Observation with 10X Magnification)

Figure 2. Cellular Morphology of Yeast Isolates from Traditional Brem Bali. A) BT1, (B) Wickerhamomyces anomalus BT2,
(C) BT3, (D) BT4, (E) Wickerhamomyces anomalus BT5, (F) Wickerhamomyces anomalus BT6, (G) DS1, (H) DS2,
and (I) DS3. Yeast Isolates were grown on Yeast Peptone Dextrose Agar Medium and Incubated for 2 Days at 30
°C. The Yeast Cells were observed under Binocular Microscopy Analysis with 1000X Magnification
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Figure 3. Tolerant Phenotypes of Yeast Isolates against Glucose-induced Osmotic Stress Conditions. Each Yeast Isolate was
Grown on the YPD Broth Medium as the Main Culture and Serially Diluted as Indicated. Each Suspension was
Spot on top of the YPDA Medium Supplemented with Various Glucose Concentrations to Induce Osmotic Pressure. The Yeast Grown on YPDA (2% Glucose) was Designated as the Control (No Stress Conditions). The Plates
were Incubated for 3 Days at 30 °C

Figure 4. Tolerant Phenotype of Yeast Isolates under Ethanol Stress Conditions. Each Yeast Isolate was Grown on the YPD
Broth Medium as the Main Culture and Serially Diluted as Indicated. Each Suspension was Spotted on top of the
YPDA Medium Supplemented with Various Ethanol Concentrations to Induce Stress Conditions. The Yeast
Grown on YPDA (2% glucose) was Designated as the Control (No Stress Conditions). The Plates were Incubated
for 3 Days at 30 °C
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Based on stress tolerance assay against hightemperature stress, BT1, BT2, BT3, BT4, and BT5 were
sensitive against high-temperature conditions, with the
isolates exhibiting poor growth at 37 °C (Figure 5). A
relatively better tolerance phenotype was exhibited by
isolates DS1, DS2, and DS3 at the particular 37 °C
stress conditions. However these isolates were likely
sensitive against high-temperature stress compared with
S. cerevisiae isolates (at 37 °C). All yeast isolates were
not viable at temperatures 40 °C and above.

Identification of Potential Yeasts. Among the yeast
isolates, BT2, BT5, and BT6 markedly showed potential
characters based on the stress tolerance assay. These
isolates were primarily capable of dealing with ethanol
stresses (Figure 4) compared with the other isolates,
including industrial yeast S. cerevisiae. Based on the
ITS sequence homology analysis, these three isolates
shared a strong identity toward Wickerhamomyces
anomalus isolates (Table 1).

Figure 5. Tolerant Phenotype of Yeast Isolates against High-temperature Stress Conditions. Each Yeast Isolate was Grown
on the YPD Broth Medium as the main Culture and Serially Diluted as Indicated. Each Suspension was Spotted
on top of the YPDA Medium and Incubated for 3 Days at Various Temperature Conditions (37 °C, 40 °C, and 45 °C).
The Yeast Grown at 30 °C was Designated as the Control

Table 1. Homology Analysis of the ITS Sequence from Selected Yeast Isolates using BLASTN Approach Oil

Isolate
Species Homology

Query
cover
(%)

Identity
(%)

Code

Accession Number

BT2

MN720560.1

Wickerhamomyces anomalus
culture CBS:1978

98

99

BT5

MN720561.1

Wickerhamomyces anomalus
strain M297B

98

99

BT6

MN720562.1

Wickerhamomyces anomalus
strain UFLA ARC235

98

99
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Total
score
score/max
score
1114
/1114
1107
/1107
1105
/1092

E- value

Accession
Number

0.0

KY105887

0.0

KP675493

0.0

KY363460
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Discussions
Fermented food and beverages are sources of potential
microbes, including probiotics, fermentative microbes,
or other unique microbes with distinct physiological and
genetic properties [12–14]. In this study, traditionally
made Brem Bali was used as the source of yeast
isolates. Brem Bali provides distinctive environmental
conditions that support the growth of yeasts that can
deal with severe stress conditions. Brem Bali contained
more than 11% alcohol, which can be increased to 25%
following prolonged storage [7, 15].
We isolated nine yeast isolates from Brem Bali [16]. A
previous study discovered more than 50 yeast strains
from five different Brem Bali products as revealed by
pulsed field-gel electrophoresis analysis [7]. We
supposed that the different substrates used for Brem
Bali production may contribute to the number of isolates
obtained in this study. Black and white glutinous rice
can be used as substrates to produce Brem Bali. In
addition, the isolation medium may be a critical factor
of the isolation result. Malt Extract Agar is often applied
for yeast isolation, in addition to the rich PDA medium
that was used in this study [7, 17].
Based on morphological analysis, each isolate showed a
relatively grouped morphological character. The BT
yeast isolates were characterized as budding yeasts,
whereas the DS isolates were likely fission yeasts.
However, further physiological, biochemical, and
molecular analysis are needed to clarify these results.
Although BT5 and BT6 showed similar morphological
characters (Figures 1 and 2), each of these isolates
exhibited different responses against ethanol stress
(Figure 4). BT5 was markedly tolerant against ethanol
stress than other isolates, including S. cerevisiae
BY4741. DNA barcoding analysis based on the ITS
sequence showed that BT2 and BT5 shared high
identities
with
Wickerhamomyces
anomalus.
Clarification of the identity of the particular yeast may
be necessary to gain insights into the yeast isolates,
possibly by using other gene markers of yeast DNA
barcoding, such as the region of D1/D2 of the nuclear
large subunit (28S) [18] or the largest subunit of RNA
polymerase II (RPB1) [19].
The mechanism of yeast tolerance against stresses has
been widely studied. Yeasts may confer stress
conditions by activating various stress response
pathways. Exogenous or indigenous accumulation of
proline is one of the stress tolerance mechanisms of S.
cerevisiae in combating fermentation-related stresses,
such as air drying and high sucrose content [20, 21].
Proline-accumulating S. cerevisiae and Pichia
kudriavzevii-mutant cells show stress tolerance
phenotypes against ethanol [22, 23] and freezing stress
[24]. In yeasts, proline is involved in the proline–
Makara J. Sci.

arginine metabolism pathway [25]. The particular
metabolism may lead to the synthesis of signaling
molecule nitric oxide, thus inducing the gene clusters
involved in the cell survival against stresses [26, 27].
All isolates exhibited resistance against high glucose
content of up to 40%. However, most of the BT isolates
showed better viability under high glucose stress (50%)
compared with the other isolates, including S.
cerevisiae. Although BT5 was tolerant against 12.5%
ethanol stress, this particular yeast isolate was hightemperature stress sensitive. The acquisition of
thermotolerance phenotype is strongly correlated to the
activity of heat shock protein (Hsp) [28, 29]. S.
cerevisiae Hsp104 plays a critical role in particular
phenotypes [30]. In addition, genes encoding Hsp (ssq1
and hsp90) in Pichia kudriavzevii RZ8-1 are
upregulated during the fermentation process at 42 °C
[31].
W. anomalus (formerly Pichia anomala) that was
isolated from Brem Bali in this study belongs to the
group of non-conventional yeasts. W. anomalus was
possibly derived from the rice used as substrate in
making the Brem Bali. As reported previously, this
species has been frequently associated with food and
feed products [32]. W anomalus also produces alcohol
(ethanol) in oxygen-limited conditions and other
aromatic compounds, such as ethyl acetate [33,34], that
bring out certain aromatic flavor of alcoholic beverages.
In addition, W. anomalus has been used as a killer yeast
in the production of alcoholic beverages such as wine
[35]. The toxin of W. anomalus is potentially applied to
eliminate contamination and wine deterioration caused
by spoilage yeast [36]. The cocultivation of S.
cerevisiae and W. anomalus positively influences the
chemical composition and sensory features of alcoholic
beverages [37]. A previous study reported that W.
anomalus predominates the middle stage of alcoholic
beverage production when ethanol levels reach 3–4%.
Based on our study, W. anomalus BT2, BT5, and BT6
remained viable at high ethanol concentrations (10%–
12.5%). The data indicate that particular yeast isolates
likely develop stress tolerance mechanism. Further
studies on the ability of this yeast strain in producing
ethanol is needed to give valuable insights into the
application of yeast isolates for industrial ethanol
production.

Conclusion
Based on our study, alcoholic beverages such as Brem
Bali may act as source for potential yeasts with stresstolerant phenotypes. Such stress-tolerant yeasts may be
applied in alcohol and other fermentation-based
industries. In this study, a non-conventional yeast
belonging to Wickerhamomyces was isolated and
showed better tolerance against high ethanol stress
March 2021  Vol. 25  No. 1
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(12.5%) than the industrial baker yeast S. cerevisiae
BY4741. The ethanol stress-tolerant phenotype was
unlikely correlated to the ability of isolates in combating
other stresses.

Acknowledgements
The author thanked IPB Culture Collection for the
preservation of all yeast isolates collection.

References
[1] de Almeida Silva Vilela, J., de Figueiredo Vilelaa,
L. 2018. The Role of the Yeast Saccharomyces
cerevisiae in Production of Fermented Products.
Mini Rev. Ann. Short Rep. 1(1017): 1–2.
[2] Parapouli, M., Vasileiadis, A., Afendra, A.S.,
Hatziloukas, E. 2020. Saccharomyces cerevisiae
and its industrial applications. AIMS Microbiol. 6(1):
1–31, https://doi.org/10.3934/microbiol.2020001.
[3] Kong, I.I., Turner, T.L., Kim, H., Kim, S.R., Jin,
Y.S.
2018.
Phenotypic
evaluation
and
characterization of 21 industrial Saccharomyces
cerevisiae yeast strains. FEMS Yeast Res. 18(1): 1,
https://doi.org/10.1093/femsyr/foy001.
[4] Zhao, X.Q., Bai, F.W. 2009. Mechanisms of yeast
stress tolerance and its manipulation for efficient
fuel ethanol production. J. Biotechnol. 144(1): 23–
30, https://doi.org/10.1016/j.jbiotec.2009.05.001.
[5] Kuriyama,
H.
1997.
Identification
and
characterization of yeast isolated from Indonesian
fermented food. Mycoscience. 38(4): 441–5,
https://doi.org/10.1007/BF02461686.
[6] Sukmawati, D., Arman, Z., Sondana, G.A.,
Fikriyah, N.N., Hasanah, R., Afifah, Z.N., et al.
2019. Potential amylase-producing yeast isolated
from indigenous fermented beverages originating
from Bali, Indonesia. J. Phys. Conf. Ser. 1402(5):
1402,
https://doi.org/10.1088/17426596/1402/5/055021.
[7] Sujaya, I.N. Antara, N.S. Sone, T. Tamura, Y.
Aryanta, W.R. Yokota, A. et al. 2004. Identification
and characterization of yeasts in brem, a traditional
Balinese rice wine. World J. Microbiol. Biotechnol.
20(2): 143–50, https://doi.org/10.1023/B:WIBI.000
0021727.69508.19.
[8] Tikka, C., Osuru, H.P., Atluri, N., Raghavulu, P.,
Yellapu, N.K., Mannur, I.S., et al. 2013. Isolation
and characterization of ethanol tolerant yeast strains.
Bioinformation. 9(8): 421–5, https://doi.org/ 10.602
6/97320630009421.
[9] Kurtzman, C., Fell, J., Boekhout, T. 2011. The
Yeasts-A Taxonomic Study 5th ed., Elsevier
Science.
[10] Kitichantaropas, Y., Boonchird, C., Sugiyama,
M., Kaneko, Y., Harashima, S., Auesukaree, C.
2016. Cellular mechanisms contributing to
multiple stress tolerance in Saccharomyces
Makara J. Sci.

cerevisiae strains with potential use in hightemperature ethanol fermentation. AMB Expr.
6(107): 1–14, https://doi.org/10.1186/s13568-0160285-x.
[11] Borneman, J., Hartin, R.J. 2000. PCR primers
that amplify fungal rRNA genes from
environmental
samples.
Appl.
Environ.
Microbiol. 66(10): 4356–60, https://doi.org/
10.1128/AEM.66.10.4356-436 0.2000.
[12] Swain, M.R., Anandharaj, M., Ray, R.C., Parveen
Rani, R. 2014. Fermented Fruits and Vegetables of
Asia: A Potential Source of Probiotics. Biotechnol.
Res. Int. 2014: 1–19, https://doi.org/10.1155/201
4/250424.
[13] Ohimain, E.I. 2016. Methanol contamination in
traditionally fermented alcoholic beverages: the
microbial dimension. Springerplus. 5: 1607,
https://doi.org/10.1186/s40064-016-3303-1.
[14] Motlhanka, K., Lebani, K., Boekhout, T., Zhou, N.
2020. Fermentative Microbes of Khadi, a
Traditional Alcoholic Beverage of Botswana.
Fermentation. 6(2): 51, https://doi.org/10.3390/
ferm entation6020051.
[15] Tamang, J.P. Watanabe, K. Holzapfel, W.H. 2016.
Review: Diversity of microorganisms in global
fermented foods and beverages. Front. Microbiol.
7(377): 1–28, https://doi.org/10.3389/fmicb.2016.0
0377.
[16] Lenka, A.B., Astuti, R.I., Listiyowati, S. 2019. The
3 rd International Conference on Biosciences.
Study of Potential Industrial Yeasts Based on Stress
Tolerance Phenotype Against Fermentation-Related
Stresses.
https://doi.org/10.1088/17551315/457/1/0 11001.
[17] Beuchat, L.R. 1993. Selective media for detecting
and enumerating foodborne yeasts. Int. J. Food
Microbiol. 19(1): 1–14, https://doi.org/10.1016/0
168-1605(93)90119-2.
[18] Scorzetti, G., Fell, J.W., Fonseca, A. StatzellTallman, A. 2002. Systematics of Basidiomycetous
yeasts: a comparison of large subunit D1/D2 and
internal transcribed spacer rDNA regions. FEMS
Yeast Res. 2(4): 495–517, https://doi.org/10.111
1/j.1567-1364.2002.tb00117.x.
[19] Schoch, C.L., Seifert, K.A., Huhndorf, S., Robert,
V., Spouge, J.L., Levesque, C.A., et al. 2012.
Nuclear ribosomal internal transcribed spacer (ITS)
region as a universal DNA barcode marker for
Fungi. Proc. Natl. Acad. Sci. U. S. A. 109(16):
6241–6, https://doi.org/10.1073/pnas.1117018109.
[20] Sasano, Y., Haitani, Y., Ohtsu, I., Shima, J.,
Takagi, H. 2012. Proline accumulation in baker’s
yeast enhances high-sucrose stress tolerance and
fermentation ability in sweet dough. Int. J. Food
Microbiol. 152(1–2): 40–3, https://doi.org/10.101
6/j.ijfoodmicro.2011.10.004.
[21] Astuti, R.I., Nurhayati, N., Ukit., Alifiyanti, S.,
Sunarti, T.C., Meryandini, A. 2018. Exogenous LMarch 2021  Vol. 25  No. 1

50 Lenka, et al.

proline Increases Stress Tolerance of Yeast Pichia
kudriavzevii Against Inhibitors in Lignocellulose
Hydrolysates and Enhances its Ethanol Production.
IOP Conf. Ser. Earth Environ. Sci. 197(2018): 1–8,
https://doi.org/10.1088/1755-1315/197/1/012052.
[22] Takagi, H., Taguchi, J., Kaino, T. 2016. Proline
accumulation protects Saccharomyces cerevisiae
cells in stationary phase from ethanol stress by
reducing reactive oxygen species levels. Yeast
33(8): 355–63, https://doi.org/10.1002/yea.3154.
[23] Astuti, R.I., Alifianti, S., Maisyitoh, R.N., Mubarik,
N.R., Meryandini, A. 2018. Ethanol Production by
Novel Proline Accumulating Pichia kudriavzevii
Mutants Strains Tolerant to High Temperature and
Ethanol Stresses. Online J. Biol. Sci. 18(3): 349–
57, https://doi.org/10.3844/ojbsci.2018.349.357.
[24] Morita, Y., Nakamori, S., Takagi, H., 2002. Effect
of proline and arginine metabolism on freezing
stress of Saccharomyces cerevisiae. J. Biosci.
Bioeng. 94(5): 390–4, https://doi.org/10.1016/S138
9-1723(02)80214-6.
[25] Kitagaki, H., Takagi, H. 2014. Mitochondrial
metabolism and stress response of yeast:
Applications in fermentation technologies. J.
Biosci. Bioeng. 117(4): 383–93, https://doi.org/
10.101 6/j.jbiosc.2013.09.011.
[26] Nasuno, R., Aitoku, M., Manago, Y., Nishimura,
A., Sasano, Y., Takagi, H. 2014. Nitric OxideMediated Antioxidative Mechanism in Yeast
through the Activation of the Transcription Factor
Mac1. PLoS One. 9(11): e113788, https://doi.org/
10.1371/jour nal.pone.0113788.
[27] Astuti, R.I., Nasuno, R., Takagi, H. 2018. Nitric
Oxide Signalling in Yeast. Adv. Microb. Physiol.
72(45): 1–38, https://doi.org/10.1016/bs.ampbs.201
8.01.003.
[28] Hjorth-Sørensen, B., Hoffmann, E.R., Lissin, N.M.,
Sewell, A.K., Jakobsen, B.K. 2001. Activation of
heat shock transcription factor in yeast is not
influenced by the levels of expression of heat shock
proteins. Mol. Microbiol. 39(4): 914–23,
https://doi.org/10.1046/j.1365-2958.2001.02279.x.
[29] Mühlhofer, M., Berchtold, E., Stratil, C.G., Csaba,
G., Kunold, E., Bach, N.C., et al. 2019. The Heat
Shock Response in Yeast Maintains Protein
Homeostasis by Chaperoning and Replenishing

Makara J. Sci.

Proteins. Cell Rep. 29(13): 4593-4607.e8,
https://doi.org/10.1016/j.celrep.2019.11.109.
[30] Lindquist, S., Kim, G., Lindsley, D.L. 1996. Heatshock protein 104 expression is sufficient for
thermotolerance in yeast (chaperones/stress
tolerance/heat-shock factor/prion) Communicated
by. Proc. Natl. Acad. Sci. U. S. A. 93: 5301–6.
[31] Chamnipa, N., Thanonkeo, S., Klanrit, P.,
Thanonkeo, P. 2018. The potential of the newly
isolated thermotolerant yeast Pichia kudriavzevii
RZ8-1 for high-temperature ethanol production.
Brazilian J. Microbiol. 49(2): 378–91, https://doi.or
g/10.1016/j.bjm.2017.09.002.
[32] Passoth, V., Fredlund, E., Druvefors, U.Ã.,
SchnÃ¼rer, J. 2006. Biotechnology, physiology
and genetics of the yeast Pichia anomala. FEMS
Yeast Res. 6(1): 3–13, https://doi.org/10.1111/
j.1567-13 64.2005.00004.x.
[33] Padilla, B., Gil, J.V., Manzanares, P. 2018.
Challenges of the non-conventional yeast
wickerhamomyces anomalus in winemaking.
Fermentation. 4(3), https://doi.org/10.3390/ferment
ation4030068.
[34] Manzanares, P., Rojas, V., Genovés, S., Vallés, S.
2000. A preliminary search for anthocyanin-β-Dglucosidase activity in non-Saccharomyces wine
yeasts. Int. J. Food Sci. Technol. 35(1): 95–103,
https://doi.org/10.1046/j.1365-2621.2000.00364.x.
[35] Rojas, V., Gil, J.V., Piñaga, F., Manzanares, P.
2003. Acetate ester formation in wine by mixed
cultures in laboratory fermentations. Int. J. Food
Microbiol. 86(1–2): 181–8, https://doi.org/10.1016/
S0168-160 5(03)00255-1.
[36] Comitini, F., Ingeniis De, J., Pepe, L., Mannazzu,
I., Ciani, M. 2004. Pichia anomala and
Kluyveromyces wickerhamii killer toxins as new
tools against Dekkera/Brettanomyces spoilage
yeasts. FEMS Microbiol. Lett. 238(1): 235–40,
https://doi.org/1 0.1016/j.femsle.2004.07.040.
[37] Satora, P., Tarko, T., Sroka, P., Blaszczyk, U.
2014. The influence of Wickerhamomyces
anomalus killer yeast on the fermentation and
chemical composition of apple wines. FEMS Yeast
Res. 14(5): 729–40, https://doi.org/10.1111/15671364.12159.

March 2021  Vol. 25  No. 1

